Tamarix ramosissima is a tree species that is highly resistant to salt and drought. The Tamarix species survives in a broad range of environmental salt levels, and invades major river systems in southwestern United States. It may affect root-associated bacteria (RB) by increasing soil salts and nutrients. The effects of RB on host plants may vary even under saline conditions, and the relationship may be important for T. ramosissima. However, to the best of our knowledge, there have been no reports relating to T. ramosissima RB and its association with salinity and nutrient levels. In this study, we have examined this association and the effect of arbuscular mycorrhizal colonization of T. ramosissima on RB because a previous study has reported that colonization of arbuscular mycorrhizal fungi affected the rhizobacterial community (Marschner et al., 2001). T. ramosissima roots were collected from five locations with varying soil salinity and nutrient levels. RB community structures were examined by terminal restriction fragment (T-RF) length polymorphism, cloning, and sequencing analyses. The results suggest that RB richness, or the diversity of T. ramosissima, have significant negative relationships with electrical conductivity (EC), sodium concentration (Na), and the colonization of arbuscular mycorrhizal fungi, but have a significant positive relationship with phosphorus in the soil. However, at each T-RF level, positive correlations between the emergence of some T-RFs and EC or Na were observed. These results indicate that high salinity decreased the total number of RB species, but some saline-tolerant RB species multiplied with increasing salinity levels. The ordination scores of nonmetric multidimensional scale analysis of RB community composition show significant relationships with water content, calcium concentration, available phosphorus, and total nitrogen. These results indicate that the RB diversity and community composition of T. ramosissima are affected by soil salinity and nutrient levels. Sequence analysis detected one Bacteroidetes and eight Proteobacteria species. Most 16S rRNA gene sequences had high similarities with the bacteria isolated from saline conditions, indicating that at least a portion of the RB species observed in T. ramosissima was halotolerant.
Introduction
Tamarix ramosissima Ledeb. (salt cedar) is a tree species from Eurasia with a very high resistance to salt and drought. For this reason, T. ramosissima has been used for revegetation in the Northwest region of China. Tamarix was also introduced in the United States (U.S.) from Europe in the 1800s for windbreak and erosion control (Di Tomaso, 1998) . Currently, T. ramosissima is widely distributed along major river systems and reservoirs in Arizona, Colorado, Kansas, Nevada, New Mexico, Southern Effect of soil salinity and nutrient levels on the community structure of the root-associated bacteria of the facultative halophyte, Tamarix ramosissima, in southwestern United States (Received January 24, 2015; Accepted July 26, 2015) Takeshi Taniguchi (Shafroth et al., 2010) . The extent of T. ramosissima invasion causes problems of excessive water consumption and the disturbance of native ecosystems, particularly in arid and semiarid regions (Horton et al., 2001; Shafroth et al., 2005; Smith et al., 1998) . T. ramosissima is a facultative halophyte that survives in a broad range of environmental salt levels (Ohrtman and Lair, 2013) , in which native riparian trees, such as cottonwood and willow, have difficulty thriving (Nagler and Glenn, 2013) . Compared with native riparian trees, the Tamarix species appear to increase soil salts and nutrients, such as sodium (Ohrtman and Lair, 2013) , potassium (Yin et al., 2010) , calcium (Brotherson and Winkel, 1986) , nitrogen (Ladenburger et al., 2006) , and phosphorus (Ladenburger et al., 2006) by leaf litter fall, leaf secretions, and rhizodeposition. Soil microbial communities have been reported to be affected by soil salinity and nutrient contents (Bao et al., 2012; Beauregard et al., 2010; Taniguchi et al., 2009 ). In particular, salinity has been reported to be a major environmental factor affecting bacterial diversity and community composition at a global scale (Lozupone and Knight, 2007) . Changes in the rhizosphere bacteria community at various salinity levels have also been reported in pot and lysimeter experiments (Ibekwe et al., 2010; Nelson and Mele, 2007) . However, molecular field research on the rhizosphere bacteria community of halophytic trees is still limited.
The root-associated microorganisms of T. ramosissimaarbuscular mycorrhizal (AM) fungi-has been reported to have a significant relationship with salinity levels (Taniguchi et al., 2015) , although the colonization rate and the effects on growth seemed to be low (Beauchamp et al., 2005) . Marschner et al. (2001) have reported that mycorrhizal colonization changes the rhizobacterial community composition. Therefore, changes in the colonization of AM fungi with salinity levels may affect rhizobacterial diversity and community. However, this relationship remains unclear. Root-associated bacteria (RB) exist both on the root surface and in endophytic associations. Some RB (e.g., nitrogen-fixing bacteria and plant growth promoting rhizobacteria) have been reported to have beneficial effects on plant growth and health, even under saline conditions (Kohler et al., 2009; Mendes et al., 2013; Siddikee et al., 2010) , and RB may have important relationships with the growth and establishment of T. ramosissima. However, to the best of our knowledge, there are no publications relating to T. ramosissima RB and its association with levels of salinity, nutrient contents, and the colonization of AM fungi. Data on these factors are very important for revegetation in China and for the elimination of the organism from the U.S. In this study, we have focused on the RB of T. ramosissima to examine and elucidate the effects of various salinity levels, nutrient contents, and mycorrhizal colonization levels to its community structure. In addition, the RB species was also examined by molecular identification with 16S rRNA sequences.
Materials and Methods
Study site. Five T. ramosissima forests with representative soil gradient cation concentrations were selected in Nevada and California: Topock Marsh ("S1"; 34°44′ N, 114°28′ W), Wilson Road ("S2"; 34°01′ N, 114°26′ W), Virgin River ("S3"; 36°41′ N, 114°16′ W), Las Vegas Wash ("S4"; 36°05′ N, 114°59′ W), and Salton Sea ("S5"; 33°05′ N, 115°42′ W) (National Cooperative Soil Survey, National Cooperative Soil Characterization Database; available online at http://websoilsurvey.sc.egov.usda.gov/App/ HomePage.htm; accessed on November, 24, 2013) (Fig.  1 ). All sampling sites were pure forests that were dominated by T. ramosissima. The range of tree heights of T. ramosissima was similar in S1, S2, and S4 (3-4 m), and tended to be smaller in S3 and S5 (2-3 m). The soil chemical properties of the study site have been described by Taniguchi et al. (2015) and are shown in Fig. S1 . In brief, the sodium and calcium concentrations in soil ranged from 73 to 1565 [mg (100 g soil)
-1 ] and 20.2 to 290.1 [mg (100 g soil)
-1 ], respectively, and increased from S1 to S5. The water content ranged from 5.1 to 24.5% in the following order: S2 < S5 < S4 < S1 < S3. Available phosphorus ranged from 0.2 to 16.3 [P 2 O 5 mg (100 g soil)
-1 ] in the following order: S1 < S3 < S4 < S2 < S5. The total nitrogen ranged from 0.4 to 2.8 (mg g -1 ) in the following order: S1 = S3 < S4 < S2 < S5. Five mature trees (height range, 2-4 m) were selected from each site at 20-m intervals and root samples were collected under the canopy at a depth of 0-30 cm at the end of October, 2009. The colonization of AM fungi was examined on a total of 25 root samples collected from five mature trees at each site. The colonization of AM fungi ranged from 2.4 to 12.3% in the following order: S2 < S5 < S1 < S4 < S3 (Fig. S1) . Details of the methods and results were described by Taniguchi et al. (2015) . DNA extraction from roots. A total of 25 samples were used for the following DNA analyses. The roots were rinsed three times with distilled mili-Q water with vortex. The root samples contained bacteria in and on the roots, so the bacteria were considered to be RB. The roots were then cut into 0.5-cm size segments and a cumulative 6-cm length of roots (12 pieces) was placed into 2.0-mL tubes. These roots were then ground with a cell disruptor (PRECELLYS 24, Bertin Technologies, France) and mixed with 700 µL of AP1 buffer from DNeasy plant Mini Kit (Qiagen, Hilden, Germany) and 8 µL of 2-mercaptoethanol. DNA was then extracted according to the manufacturer 's instructions. After extraction, polyethylene glycol (PEG) precipitation was conducted with a PEG 8000 solution [13% (w/v) PEG in 1.6M NaCl]. The resultant DNA pellet was rinsed with 70% ethanol, dried, and dissolved in 100 µL of AE buffer from DNeasy plant Mini Kit (Qiagen). PCR and terminal restriction fragment length polymorphism (T-RFLP) analysis. Bacterial-specific primers were used for PCR amplification. A 16S rRNA gene was amplified with 8f (5′-AGAGTTTGATCCTGGCTCAG-3′) (Edwards et al., 1989 ) with a 5′6-FAM fluorescent label and non-labeled 1492r (5′-GGTTACCTTGTTACGACTT-3′) (Wilson et al., 1990) . The PCR mix consisted of 1 µL of template DNA and 11.5 µL of PCR cocktail (GeneTaq, Nippon Gene, Toyama, Japan) containing 0.5 µM of each primer. The thermal profile was as follows: 3 min at 94°C for initial denaturation, 35 cycles of 30 s at 94°C for denaturation, 30 s at 50°C for annealing, 1 min at 72°C for extension, and 7 min at 72°C for final extension. All PCR products from each Tamarix root were inspected with 0.7% agarose gel electrophoresis prior to treatment by restriction enzymes. The PCR products were digested at 37°C with either MspI or RsaI (Nippon Gene). These two enzymes were selected based on prior publications (Engebretson and Moyer, 2003; Moyer et al., 1996) and preliminary tests with MspI, RsaI, and HhaI. After ethanol precipitation, 0.5 µL of the digested products were mixed with 9.0 µL of Hi-Di formamide and 0.5 µL of the GeneScan 1200 LIZ (Applied Biosystems, Foster City, CA, USA). After denaturation at 95°C for 3 min, T-RFLP analysis was carried out on the automated sequencer, ABI PRISM 3130 genetic analyzer (Applied Biosystems). The terminal restrictions fragments (T-RFs) that were generated by the sequencer were analyzed by GeneMapper 3.7 (Applied Biosystems). T-RFs that differed by no more than ±1 bp were considered to be identical. Fragments between the range of 50 bp and 1150 bp, and with signals above a fluorescent level of 50, were used for further analyses. To remove noise peaks, individual T-RF peak areas were normalized to percentages of total area for each sample and peaks with a relative area of less than 2% were discarded, based on the methods described by Osborne et al. (2006) . T-RFLP analysis has been reported to have a high sensitivity and ability to rapidly acquire precise data compared with denaturing gradient gel electrophoresis. It also has advantages in terms of cost, compared with clone libraries (Dickie and FitzJohn, 2007; Engebretson and Moyer, 2003) . Cloning and sequencing analysis for T-RF reference data of RB. Almost the full length of the 16S rRNA region was amplified with bacterial specific primers, 8f and 1492r. Eight DNA extraction samples (1, 1, 2, 2, and 2 samples from S1, S2, S3, S4, and S5, respectively), with frequently occurring T-RFs, were used as template DNA. PCR products were divided into three groups and purified using a QIAquick gel extraction kit (Qiagen). The solution was then cloned using TOPO TA Cloning Kit (Invitrogen, Carlsbad, CA, USA). For each group, 30-50 colonies were selected and transformed PCR products were amplified with primers (M13 Forward: 5′-GTAAAACGACGGCCAG-3′, M13 Reverse: 5′-CAGGAAACAGCTATGAC-3′) and AmpliTaq Gold 360 (Applied Biosystems), following the manufacturer's instructions. The PCR products were digested with either MspI or RsaI (Nippon Gene). Electrophoresis was conducted with the digested products using 1.5% agarose gel. The DNA of each RFLP type was amplified with bacterial-specific primers, 8f with 5′6-FAM fluorescent label and non-labeled 1492r, and T-RFLP was performed as described above. Based on the results, the DNA of RB, which coincided with previous T-RFs, was reamplified and sequenced using primers of M13 Forward and M13 Reverse. Sequences were analyzed using a 1310 genetic analyzer (Applied Biosystems). To estimate the bacterial species of each T-RF type, sequences were compared with those in the public databases by BLASTN searches and the sequence match program in the Ribosomal Database Project (RDP). A chimera check was conducted using Bellerophon (http://comp-bio.anu.edu.au/bellerophon/ bellerophon.pl) with program parameters of the HuberHugenholtz correction and a 300 bp window (Huber et al., 2004) . The non-chimeric DNA sequences examined were deposited in the DNA data bank of Japan (Accession number: AB622932-AB622934, AB622936-AB622937, AB622939, AB622941-AB622942, and LC004293). For phylogenetic analysis, multiple alignments with RB and related nucleotide sequences from public databases were generated at the phylum level using the ClustalX 1.81 program (Thompson et al., 1997) . The alignments were inspected and corrected manually. Phylogenetic analyses were then performed using the neighbor-joining method on the PAUP 4.0b10 program (Swofford, 2003) . A bootstrap test was performed with 1000 replications. Candidatus brocadia anammoxidans (AF375994) was used as the outgroup. Data analyses. For the estimation of richness, first-and second-order jackknife and Chao 2 richness estimators were calculated using estimates version 7.5 (Colwell, 2005) , based on the presence or abundance of T-RFs in the 25 samples. Based on the observed and estimated T-RF richness, T-RF data treated by the restriction enzyme, MspI, were used for further analysis.
Standard indices of biological diversity, including T-RF richness, Simpson diversity (D), and Shannon diversity (H′), were calculated manually. T-RF richness and diversity indices in each sampling site were tested by an analysis of variance to determine differences between the five sampling sites. The relationships of T-RF richness or diversity indices under particular environmental conditions, such as water content (WC), pH, electrical conductivity (EC), sodium concentration (Na), calcium concentration (Ca), available phosphorus (P), and total nitrogen (N), and with the colonization of AM fungi (M), were examined by linear regression analysis using SPSS ver. 19.0J (SPSS Japan Inc., Tokyo, Japan).
To examine differences in the bacterial T-RF community among the sampling sites, a distance-based multivariate analysis of variance (perMANOVA) was carried out. The P values of multiple comparisons were cor-rected by the Bonferroni method. Non-metric multidimensional scaling (NMS) with the Jaccard distance was applied to identify any statistically significant relationship between the T-RF community composition and environmental factors, or AM fungi colonization. PerMANOVA and NMS were computed using PC-ORD 6 (McCune and Mefford, 2011) . Linear regression analyses between the NMS ordination scores of the first or second axis and environmental factors were carried out using SPSS ver. 19.0J (SPSS Japan Inc., Tokyo, Japan).
Correlation analyses between the emergence of each bacterial T-RF and environmental factors (WC, pH, EC, S1 S2 S3 S4 S5 Richness 10.4 ± 1.4 12.2 ± 1.2 9.4 ± 0.9 10.2 ± 0.9 12.6 ± 2.0
Simpson diversity 11.6 ± 2.3 8.8 ± 0.9 8.5 ± 1.1 9.1 ± 2.0 12.5 ± 2.6
Shannon diversity 2.0 ± 0.2 2.0 ± 0.1 1.8 ± 0.1 1.9 ± 0.1 2.0 ± 0. Indices of bacterial T-RF richness and diversity of Tamarix ramosissima roots in each sampling site.
Values are presented as mean ±S.E. P > 0.05, by ANOVA among sampling sites. T-RF, terminal restriction fragment.
Table 2.
The regression coefficients (r 2 ) between indices of T-RF richness or diversity and environmental factors and colonization of AM fungi.
T-RF, terminal restriction fragment; AM, arbuscular mycorrhizal; WC, water content; EC, electrical conductivity; Na, sodium concentration; Ca, calcium concentration; P, available phosphorus; N, total nitrogen; M, colonization of AM fungi. Regression coefficients (r 2 ) were shown as bold when a linear regression analysis was significant (*P < 0.05; **P < 0.01; ***P < 0.001). Table 4 . Regression coefficients (r 2 ) between NMS ordination scores of axis 1 or axis 2 and environmental factors or colonization of AM fungi.
NMS, non-metric multidimensional scaling; AM, arbuscular mycorrhizal; WC, water content; EC, electrical conductivity; Na, sodium concentration; Ca, calcium concentration; P, available phosphorus; N, total nitrogen; M, colonization of AM fungi. Regression coefficients (r 2 ) were shown as bold when a linear regression analysis was significant (*P < 0.05; **P < 0.01; ***P < 0.001).
Na, Ca, P, and N), or the colonization with AM fungi (M), were conducted with SPSS ver. 19.0J (SPSS Japan Inc., Tokyo, Japan).
Results

T-RF diversity and relationships with environmental factors
Examples of T-RF profiles are shown in Fig. S2 . In total, 86 and 70 T-RFs were detected by T-RFLP analysis treated with the restriction enzymes, MspI and RsaI, respectively. T-RF rarefaction curves of MspI and RsaI are shown in Fig. 2 . The rarefaction curve did not plateau and the number of samples seemed to be insufficient for de-tecting all types of T-RF in the sampling sites, but it seemed to include most of the predominant RB species and may be useful for comparison of the community structure. The estimated richness by Jack 1, Jack 2, and Chao 2 were 123, 142, and 123, respectively, in MspI, and 106, 130, and 118, respectively, in RsaI. These indicate that the observed T-RFs were 61-70% in MspI and 54-66% in RsaI.
The respective average T-RF richness of MspI in S1, S2, S3, S4, and S5 were 10.4, 12.2, 9.4, 10.2, and 12.6 (Table 1) ; Simpson diversity were 11.6, 8.8, 8.5, 9.1, and 12.5; and Shannon diversity were 2.0, 2.0, 1.8, 1.9, and 2.0. The richness and diversity indices did not have any significant differences among sampling sites (P > 0.05). T-RF richness had significant negative relationships with EC (r 2 = 0.24, P < 0.05), Na (r 2 = 0.21, P < 0.05), but had a positive relationship with P (r 2 = 0.16, P < 0.05) in soil (Fig. 3, Table 2 ). The Simpson diversity had a significant negative relationship with the colonization of AM fungi (r 2 = 0.17, P < 0.05). The regression coefficients of the Shannon diversity with soil EC (r 2 = 0.25, P < 0.05) or Na (r 2 = 0.23, P < 0.05) were negative and significant.
Relationships between RB community composition and environmental factors or colonization of AM fungi
PerMANOVA showed that the bacterial T-RF community composition was significantly affected by the sampling site (F-ratio = 2.3, P = 0.001). However, multiple comparisons of PerMANOVA could not detect significantly different T-RF community compositions between the sites (Table 3) .
NMS plots are shown in Fig. 4 . Monte Carlo permuta- Vectors represent the strength and direction of explanatory variables (S1, Topock Marsh; S2, Wilson Road; S3, Virgin River; S4, Las Vegas Wash; S5, Salton Sea T-RF, terminal restriction fragment).
Fig. 3. Relationships between T-RF richness, or diversity indices, with environmental factors and colonization of AM fungi (T-RF, terminal restriction fragment; AM, arbuscular mycorrhizal).
tion tests showed that axes 1 and 2 were significant (P = 0.004). The bacterial T-RF community composition was not clearly separated among the sampling sites. Environmental variables were significantly related to the bacterial T-RF community composition (Fig. 4, Table 4 ). The ordination score of axis 1 was significantly correlated with WC (r 2 = 0.28, P < 0.01) ( Table 4 ). For the score of axis 2, Ca (r 2 = 0.16, P < 0.05), P (r 2 = 0.42, P < 0.001), and N (r 2 = 0.48, P < 0.001) showed significant correlations.
Correlation between each T-RF and environmental factors
Correlation coefficients between the three T-RFs and WC were positively significant (P < 0.05) ( Table 5 ). For pH, two T-RFs had positive correlations and two T-RFs had negative correlations (P < 0.05). EC and Na had a significant positive correlation with three and four T-RFs (P < 0.05), respectively. Correlation coefficients of Ca with four T-RFs were positively significant and the coefficient with T-RF was negative. For P and N, seven T-RFs showed positive significant correlations. The colonization of AM fungi had significant positive correlations with five T-RFs.
Putative identification and phylogenetic analysis of RB
After cloning, PCR-RFLP, T-RFLP, and the sequencing analysis of 16S rRNA gene, nine different sequences were obtained. A chimera check showed that all of these sequences had a low possibility of chimeric sequences. These sequences belonged to two phyla, Bacteroidetes and Proteobacteria (Table 6 ). Eight of nine sequences were Proteobacteria, including four Alphaproteobacteria and four Gammaproteobacteria. Most of the sequenced bacterial species had several similarities with the sequences of bacteria isolated from sea water or salt-accumulated sites (Table 6 ). Phylogenetic analysis revealed that T-RF 4 belonged to the family, Phyllobacteriaceae (Fig. 5) . T-RF 9, T-RF 33, T-RF 61, T-RF 68, and T-RF 73 belonged to the genuses, Muricauda, Pelagibacterium, Microbulbifer, Pseudomonas, and Methylophaga, respectively (Figs. 5 and 6 ).
Discussion
Our field study showed that soil salinity and nutrient levels affected the RB diversity and community composition of the facultative halophyte, T. ramosissima. T-RF richness, or the diversity of T. ramosissima RB, had significant negative relationships with EC, Na, and the colonization of AM fungi, but had a significant positive relationship with P. At each T-RF level, however, some positive correlations between T-RFs and EC or Na were observed. These results indicate that high salinity decreased Table 5 . Correlation coefficients between each bacterial T-RF and environmental factors or colonization of AM fungi.
T-RF, terminal restriction fragment; AM, arbuscular mycorrhizal; WC, water content; EC, electrical conductivity; Na, sodium concentration; Ca, calcium concentration; P, available phosphorus; N, total nitrogen; M, colonization of AM fungi. *P < 0.05, **P < 0.01, ***P < 0.001. T-RFs with an under line were examined by sequencing analysis (Table 6 ).
the total number of RB species, but some RB species with a tolerance to salinity multiplied with increasing salinity levels.
The RB community composition of T. ramosissima showed significant relationships with WC, Ca, P, and N. Hollister et al. (2010) reported that the microbial community (bacteria and archaea) in the soil and sediments of La Sal del Rey, a hypersaline lake located in Southern Texas, U.S., had significant correlations with pH, phosphorus, total organic carbon, calcium, and water contents. Swan et al. (2010) reported that the bacterial community in the sediments of the Salton sea was affected by salinity. Phosphorus and nitrogen has also been reported to affect the soil bacterial community structure (Beauregard et al., 2010; Marschner et al., 2004; Taniguchi et al., 2009) . These results are consistent with our results about the RB community, suggesting that both soil and RB communities were affected by salinity and nutrient levels.
Tamarix species have been reported to increase not only soil salinity but also nutrient contents, such as phosphate (Meinhardt and Gehring, 2013; Ohrtman and Lair, 2013) . Therefore, the RB community may vary with changes in soil chemical properties that are caused by the invasion of T. ramosissima. In addition, biotic factors, such as a change in the colonization and community structure of AM fungi, may affect RB diversity and community composition because AM colonization has been reported to change the rhizobacterial community composition (Marschner et al., 2001) . Taniguchi et al. (2015) has reported that AM colonization of T. ramosissima changes with soil salinity levels. In this study, the colonization of AM fungi had significant negative correlations with the Simpson diversity of RB and significant positive correlations with five TRFs of RB. Therefore, it is also possible that the changes in RB diversity and the community of T. ramosissima were partially caused by changes in the AM colonization resulting from varying soil salinity levels.
The RB that was putatively identified in our study belonged to the phyla, Bacteroidetes and Proteobacteria. These two phyla have been reported to be the major taxa in hypersaline soils in Southern Texas, U.S. (Hollister et al., 2010) . Phylogenetic analysis showed that the RB species within the cluster of Phyllobacteriaceae, Methylophaga, Microbulbifer, Muricauda, Pelagibacterium, and Pseudomonas existed in our study sites. Microbulbifer is widely distributed in nature, especially in aquatic environments, such as oceans and salt marshes (Baba et al., 2011) . Some related species, M. okinawensis and M. taiwanensis, were also isolated from mangrove forests and coastal soil, respectively (Baba et al., 2011; Kämpfer et al., 2012) . Members of the genus Methylophaga are methane-utilizing methylotrophs that are typically isolated from marine environments or brackish waters (Villeneuve et al., 2012) . A close relative of RB in our study, M. nitratireducenticrescens, has been isolated from sea water (Auclair et al., 2012) . Three species were described for Pelagibacterium and all of them were isolated from sea water (Li et al., 2013) . The members of Muricauda species were isolated from intertidal sediments, salt lake, sea water, and coastal hot springs (Lee et al., 2012; Prabhu et al., 2014) . For Pseudomonas strains, Table 6 . Closest BLAST match sequences of root-associated bacteria and the isolation source.
Fig. 5.
Neighbor-joining phylogenetic tree generated from the 16S rRNA gene of the RB belonging to Proteobacteria 29, 33, 61, 63, 67, 68, and 73 ) and the related bacteria derived from public databases.
Candidatus brocadia anammoxidans was used as the outgroup. The numbers at the nodes indicate percent (≥50%) bootstrap support (1000 replications) (RB, root-associated bacteria; T-RF, terminal restriction fragment). Rangarajan et al. (2002) have examined the effect of salt and showed that close relatives of Pseudomonas in our study, P. alcaligenes and P. pseudoalcaligenes, had a salt tolerance and were predominant in saline conditions. These results indicate that, at least, a portion of the RB species observed in T. ramosissima was halotolerant. In addition, P. alcaligenes and P. pseudoalcaligenes have been isolated from the rhizosphere of plants (Egamberdiyeva and Höflich, 2004; Rangarajan et al., 2002) . P. alcaligenes has been reported to result in growth-promoting effects and improvement of nutrient uptake in plants (Costa et al., 2006; Egamberdiyeva, 2007; Egamberdiyeva and Höflich, 2004) , indicating that the Pseudomonas species in our study may also have such beneficial effects on T. ramosissima. The Pseudomonas species were detected in four (S1, S2, S3, and S4) of the five sites that we examined (data not shown) and was thought to be a common RB species of T. ramosissima. In addition, other related species of RB sequenced in our study have also been reported to have various functions, such as nitrogen reduction (Methylophaga) (Auclair et al., 2012) , EDTA degradation (Chelativorans in Phyllobacteriaceae) (Doronina 6 . Neighbor-joining phylogenetic tree generated from the 16S rRNA gene of the RB belonging to Bacteroidetes (T-RF 9) and the related bacteria derived from public databases.
Candidatus brocadia anammoxidans was used as the outgroup. The numbers at the nodes indicate percent (≥50%) bootstrap support (1000 replications) (RB, root-associated bacteria; T-RF, terminal restriction fragment).
et al., 2010), and chitin degradation (Microbulbifer) (Baba et al., 2011) . Further functional analysis of RB isolated from T. ramosissima could reveal the importance of RB for the survival and growth of T. ramosissima.
In conclusion, our results suggest that RB diversity and community composition are associated with soil salinity and nutrition, indicating that changes in soil chemical properties caused by the invasion of T. ramosissima can possibly affect the RB community. Most of the RB species sequenced in our study have several similarities with bacteria observed under saline conditions, indicating that, at least, a portion of the RB species observed in T. ramosissima are halotolerant.
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